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16. The method according to /claim 11 wherein the at 
least one cholinesterase inhibitor is/administered in an amount of 
from about 2 0 mg to about 2 00 mg pey day. 

17. The method according! to claim 11 wherein the 
patient suffering from ParkinsonKp disease suffers from 
parkinsonian dementia. / / 



REMARKS 

Claims 1-8 are rejected under 35 U.S.C. 102(e) as being 
anticipated by Shapiro. The Examiner alleges that Shapiro teaches 
treatment of neurodegenerative diseases such as Parkinson f s 
disease, Alzheimer's presenile and senile dementia using two or 
more therapeutic agents in combination, which yields supra 
activity. In Example I, Shapiro is said to teach treatment of 
Parkinson 1 s disease by a combination of known medicaments with co- 
agents such as levodopa and tacrine. Shapiro is also said to 
teach cholinesterase inhibitors such as physostigmine, tacrine, 
metrofinate, and galanthamine and velancrine maleate. 

This rejection is respectfully traversed. In disclosing 
that in the use of two -drug combinations for treating memory 
processing, Shapiro merely discloses that some combinations of 
drugs yielded supra -additivity. However, this is merely a 
disclosure in the prior art that there can be a synergistic value 
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of using two or more therapeutic agents in combination, as noted 
at column 1, lines 32-44. There is no disclosure of what specific 
drugs can be combined to obtain this supra-activity . 

Shapiro's invention is for treating neurological 
diseases using carbonyl trapping agents in combination with other 
drugs. Shapiro, U.S. Patent No. 5,668,117, is a continuation in 
part application of Serial No. 26,617, filed February 23, 1993, 
which is a continuation of Serial No. 660,561, filed February 22, 
1991, both of which appear to be directed to the carbonyl trapping 
agents alone. Shapiro 1 s invention, then, is the combination of a 
carbonyl trapping agent with another, allegedly conventional, drug 
for treating neurological diseases. Shapiro never contemplates, 
using drugs in the absence of the carbonyl trapping agents* 

Shapiro discloses at column 28, lines 30-40 and column 
30, lines 1-4, that clinical treatment of Parkinson's disease may 
be improved by the use of the invention originally disclosed in 
U.S. Patent application Serial No. 07/660,561, that is, with the 
carbonyl trapping agents, in combination with known medicaments, 
including co-agent use of levodopa and tacrine. Shapiro never 
even suggests that it has been known to use tacrine to treat 
Parkinson's disease, only that the carbonyl trapping agents can be 
used in combination with tacrine to treat Parkinson's disease. 

In Example 2, Shapiro discloses that clinical treatment 
of Alzheimer's disease may be improved by the use of the invention 
originally disclosed in U.S. Patent application Serial. No. 
07/660,561, notably, the carbonyl trapping agents, in combination 
with known medicaments, including acetylcholinesterase inhibitors. 
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Again, Shapiro only discloses using the carbonyl trapping agents 
in combination with the acetylcholinesterase inhibitors for 
treating Alzheimer's disease. 

In both Examples 1 and 2, Shapiro has provided a shotgun 
enumeration of drugs that can be used in combination with the 
carbonyl trapping agent to treat neurological disease. However, 
Shapiro never recognizes that a cholinesterase inhibitor such as 
tacrine per se can be used successfully to treat Parkinson's 
disease, either alone or in combination with levodopa. 

In fact, it was completely unexpected that a 
cholinesterase inhibitor could be used to treat Parkinson's 
disease, even though tacrine, a cholinesterase inhibitor, was one 
of the first drugs approved for treating Alzheimer's disease. 
Alzheimer's disease and Parkinson's disease, while both being 
neurological diseases, are not the same, and are not amenable to 
the same treatment. In fact, as will be demonstrated below, 
cholinesterase inhibitors were contraindicated for treating 
Parkinson's patients, as central cholinergic activity appears to 
be important for memory function in Parkinson's disease. 

Prior to the introduction of levodopa, anticholinergic 
drugs had been the conventional treatment for mild parkinsonism 
since the discovery of belladonna alkaloids in the mid- nineteenth 
century. However, these drugs had a propensity for exacerbating 
dementia. Nevertheless, since anticholinergic drugs are known to 
ameliorate rigidity in the early stages of the disease, the 
conventionally skilled neurologist would instinctively believe 
that a procholinergic drug might worsen rigidity, as central 
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cholinergic activity appears to be important for memory function 
in Parkinson's disease . Unfortunately, patients receiving 
anticholinergic drugs for parkinsonism may experience reversible 
cognitive deficits so severe as to mimic Alzheimer's disease. 
Identical memory disturbances have been produced by administration 
of atropine to patients with either Alzheimer's disease or 
Parkinson's disease with dementia. 

Although dementia may be associated with Parkinson's 
disease, Alzheimer's disease and Parkinson's disease are 
pathologically very distinct. Senile dementia of the Alzheimer 
type (SDAT) is associated with degeneration of the nucleus 
basalis, and consequently with a cholinergic deficit. Thus, 
cholinesterase inhibitors are logical drugs to try for treating 
Alzheimer's disease. Alzheimer's disease is characterized by 
plaques and neurofibrillar tangles, mainly in the cerebral cortex. 

Parkinson's disease, on the other hand, is characterized 
by distinctive Lewy bodies, which are eosinophilic, cytoplasmic 
structures found mainly in small nuclei at the base of the brain, 
especially the substantia nigra (dopaminergic cells) and nucleus 
basalis. Alzheimer's disease and Parkinson's disease are 
clinically distinguishable to a competent practitioner. 

Clinically, Alzheimer's disease presents with 
personality change, language errors (difficulties with categorical 
speed and word generation) and loss of short term memory. The 
patient is usually alert and attentive. The condition may or may 
not progress to include mild rigidity of the muscles, although 
rigidity is never the presenting complaint. 
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Parkinson's disease, in contrast, presents with muscular 
rigidity, tremor and imbalance. It may or may not progress to 
include dementia. However, dementia is never the presenting 
complaint. When dementia is present in Parkinson's patients, it 
is clinically distinguishable from Alzheimer 1 s disease, and is 
characterized by inattention, visual hallucinations, and a 
worsening of the confusion produced by administration of 
levodopa . 

Recent trials using cholinesterase inhibitors, such as 
tacrine, have shown promise for partial reversal of senile 
dementia of the Alzheimer type in a few patients. Ott et al . , in 
Clinical Neuropharmacology 15 (4) : 322-325, 1992, a copy of which 
is submitted herewith, treated a patient with Alzheimer's disease 
with tacrine, which has traditionally been used to treat 
Alzheimer's dementia. The individual originally presented as 
Alzheimer's disease developed other symptoms, including 
extrapyramidal features. This patent, along with three other 
patients with a typical presentation of Alzheimer's disease, 
responded with improvement or stabilization in cognitive ability 
and activities of daily living score. Another case, again 
clinically and neuropathologically diagnosed as Alzheimer's 
disease, responded initially, but this response was not 
sustained. 

Ott et al . thus clearly imply that increasing rigidity 
would be expected in a Parkinson patient to whom tacrine is 
administered, since the tacrine administered caused rigidity in an 
Alzheimer's patient. This would certainly deter a practicing 
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neurologist from prescribing this type of medication for a patient 
suffering from Parkinson 1 s disease, since any medication that 
increases rigidity would be contraindicated for parkinsonian 
patients. Moreover, Ott et al . state on page 325 that central 
cholinergic activity appears to be important for memory function 
in Parkinson's disease. Patients receiving anticholinergic drugs 
for parkinsonism may experience reversible cognitive deficits so 
sever as to mimic Alzheimer's disease. 

Treatment of dementia in parkinsonian patients with 
cholinometric drugs presents a dilemma, since the movement 
disorder characteristic of Parkinson's disease would be expected 
to worsen with treatment with tacrine or similar 

anticholinesterase medications. It should be noted that Ott et 
al . , ibid . treated an Alzheimer's patient with mild parkinsonism, 
rather than a patient whose primary presentation was Parkinson's 
disease, with a combination of levodopa and tacrine. The dramatic 
increase in tremors, as well as induction of gait dysfunction and 
subjective feelings of rigidity, were attributed to the 
cholinergic effects of acetylcholinesterase inhibitors on the 
striatum. The increased tremor responded to addition of levodopa 
as well as to a decrease in the tacrine dosage, with restoration 
of baseline function after either maneuver. 

Perry et al . , in Annals New York Academy of Sciences pp. 
19 7-202, a copy of which is submitted herewith, report examining 
cholinergic and monoaminergic (dopaminergic and serotoneric) 
activities in postmortem brain tissue in senile dementia of Lewy 
body type, Parkinson's disease, and Alzheimer's disease. The 
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quantitative data they obtained suggested that although extra- 
pyramidal symptoms relate to striatal levels of dopamine, 
cognitive impairment was most closely associated with cholinergic 
but not monoaminergic deficits in temporal and archicortical 
areas. For example, hallucinations, frequently manifested in Lewy 
body dementia, appear to be related to an extensive cholinergic 
deficit in temporal neocortex and the resulting imbalance between 
decreased cholinergic and relatively preserved serotonergic 
activities . 

As with Lewy body dementia, Parkinson 1 s disease is 
associated with a cholinergic deficit, which may be more profound 
that that seen in senile dementia of the Alzheimer type. As 
anticholinergic drugs have mild antiparkinsonian effects, however, 
it has been assumed that a procholinergic drug will worsen the 
characteristic rigidity of Parkinson's disease. However, as can 
readily be seen from the examples given in the instant 
specification, beginning at page 14, last paragraph, the subjects 
treated with cholinesterase inhibitors exhibited marked changes in 
their physical conditions, with the patients able to walk 
independently, with improvements in gait corresponding roughly to 
improvements in mentation. Thus, the cholinesterase inhibitors 
were effective in treating the motor dysfunction of Parkinson's 
disease, which would be wholly unexpected from the Ott et al . 
disclosure which showed increased rigidity in Alzheimer's patients 
treated with tacrine. 
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From the above, it can clearly be seen that a drug that 
is effective in treating Alzheimer's dementia may be detrimental 
to a patient suffering from Parkinson's disease. Thus, despite 
the shotgun listing of possible drugs to use in combination with 
carbonyl trapping agents for treating neurological diseases, 
there is nothing in Shapiro that refutes the conventional wisdom 
that administering a procholinergic drug to a patient suffering 
from Parkinson's disease is contraindicated, nor is there anything 
in Shapiro that even suggests, much less teaches, that 
administering a cholinesterase inhibitor in the absence of a 
carbonyl trapping agent can be used to treat Parkinson's disease. 

Claims 1-8 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Shapiro. The Examiner concedes that Shapiro 
does not teach the latter compounds for Parkinson's dementia, but 
still concludes that it would have been obvious to one of ordinary 
skill in the art to use the cholinesterase inhibitors taught by 
Shapiro to treat Parkinson's dementia, because in the absence of 
evidence otherwise, the teachings of Shapiro include Parkinson's 
dementia . 

This rejection is respectfully traversed. One skilled 
in this particular art is a neurologist, who treats Alzheimer's 
patients, Parkinson's patients, or both. As noted above, there is 
sufficient evidence that would lead one skilled in the art of 
treating Parkinson's patients, i.e., a neurologist, to avoid 
treating these patients with a cholinesterase inhibitor, as there 
would be the danger of worsening the rigidity of Parkinson's 
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disease. Moreover, since Parkinson's dementia is not clinically 
the same as Alzheimer's disease, there is no reason to believe 
that the treatment for the two diseases would be the same. 

There is nothing in Shapiro or in the literature to 
suggest to one skilled in the art that a compound which is useful 
for treating Alzheimer's disease would be useful in treating 
Parkinson's disease. One example of this is the use of 
tocopherol, in which an article in the New England Journal of 
Medicine 328 176-83 (1993) by the Parkinson's Disease Study Group 
reported that tocopherol had no effect on the progression of 
symptoms in Parkinson's disease. However, Sano et al . , in the New 
England Journal of Medicine 33 6 1216-22 (1997) shows that 
tocopherol slows the progression of symptoms in Alzheimer's 
disease. Thus, simply because a compound is effective in treating 
Alzheimer's disease does not suggest to one skilled in the art 
that the compound would be useful in treating Parkinson's 
disease. 

While Shapiro does indeed teach treating Parkinson's 
disease,. Shapiro treats Parkinson's disease with a combination of 
a carbonyl trapping agent and another medicament. It should be 
noted from the abstract that Shapiro states that the compositions 
are used to treat a mammal suffering from a neurological disease 
characterized by covalent bond crosslinking between the nerve 
cells, other cellular structures, and their intracellular and 
extracellular components. This definition includes Alzheimer's 
disease, but, as demonstrated above, does not include Parkinson's 
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disease* Therefore, it is questionable whether Shapiro even 
intended to treat Parkinson's disease per se with his carbonyl 
trapping agents . 



inhibitors, despite conventional wisdom among neurologists, are 
indeed effective in treating the motor dysfunction of Parkinson's 
disease along with the dementia. There is nothing in Shapiro that 
refutes this conventional wisdom for treating Parkinson's disease 
and therefore would lead one skilled in the art to treat 
Parkinson's disease with a cholinesterase inhibitor. 



the claims are now in condition for allowance, and favorable 
action thereon is earnestly solicited. 



The present inventor has discovered that cholinesterase 



In view of the above, it is respectfully submitted that 



BROWDY AND NEIMARK, P.L.L.C. 
Attorney^) for Applicant (s) 




£rffne M. Kornbau 
Registration No, 25,884 



AMKrpw 



\USER1 2VHUTCH1 A. AMD 



Telephone No.: (202) 628-5197 
Facsimile No.: (202) 737-3528 



-12- 



10/06/93 15:10 NYU NEUROLOGY ■* 2027373528 ^ NO. 777 D02 



The New England Jou rnal of Me dicine 



A CONTROLLED TRIAL OP SELEGILINE, ALPHA-TOCOPHEROL, OR BOTH 
A CONTRWLLW TREATMENT FOR ALZHEIMER'S DISEASE 

Mary Sano, Ph.D., Christopher Ernesto, M.S., Ronald G. Thomas, Ph.D., Melville R. Kumjkr. Ph.D., 
Serlv Schafer M.S., Michael Grundman, M.D., M.P.H., Peter Wooobury. John Growoon, M.D., 
Carl W. Cotman, Ph.D., Eric Pfe.ffer, M.D., Lon S. Schneider, M.D., 

AND LEON J. THAL, M.D., FOR THE MEMBERS OF THE ALZHEIMER'S DISEASE COOPERATIVE STUDY 



Abstract 

Background There is evidence that medications 
or vitamins that increase the levels of brain catechol- 
amines and protect against oxidative damage may 
reduce the neuronal damage and slow the progres- 
sion of Alzheimer's disease. 
Methods We conducted a double-blind, placebo- 
controlled, randomized, multicenter trial in patients 
with Alzheimer's disease of moderate severity. A to- 
tal of 341 patients received the selective monoamine 
oxidase inhibitor selegiline (10 mg a day), alpha- 
tocopherol (vitamin E, 2000 IU a day), both selegiline 
and alpha-tocopherol, or placebo for two years. The 
primary outcome was the time to the occurrence of 
any of the following: death, institutionalization, loss 
of the ability to perform basic activities of daily liv- 
ing, or severe dementia (defined as a Clinical De- 
mentia Rating of 3). 
Results Despite random assignment, the base- 
line score on the Mini-Mental State Examination 
was higher in the placebo group than in the other 
three groups, and this variable was highly predictive 
of the primary outcome (P^O.OOD. In the unadjusted 
analyses, there was no statistically significant dif- 
ference in the outcomes among the four groups. In 
analyses that included the base-line score on the 
Mini-Mental State Examination as a covariate, there 
were significant delays in the time to the primary 
outcome for the patients treated with selegiline 
(median time, 655 days; P-0.012), alpha-tocopherol 
(670 days, P = 0.001), or combination therapy (585 
days, P = 0.049), as compared with the placebo group 
(440 days). 

Conclusions m patients with moderately severe 
impairment fro m Alzheimer 's disease, treatment with 
TSl^ jTTTfflnnT^a-tocoDner^ l slows the progression 
oTdisease (N Eng^Med 1997;336:1216-22.) 

(61997. Massachusetts Medical Society. 



ALZHEIMER'S disease is a neurodegenera- 
tive disorder characterized by loss of mem- 
ory and other cognitive abilities. Ncuro- 
pathologieally, the disease is characterized 
by the presence of neurofibrillary tangles and senile 
plaques, impaired synaptic function, and celt loss.- 
There is a prominent loss of cholinergic, noradren- 
ergic, and dopaminergic neurons m Alzheimer s dis- 
ease. 2 The pathology of the disorder may involve ox- 
idative stress and the accumulation ot Iroc radicals, 



leading to excessive lipid peroxidation and neuronal 
degeneration in the brain.*-" 

Selegiline, a monoamine oxidase inhibitor, and al- 
pha-tocopherol mav have beneficial effects in pa- 
tients with Alzheimer's disease. Selegiline may act as 
an antioxidant, since it inhibits oxidative deamina- 
tion, thereby reducing neuronal damage. The drug 
has been associated with an increased active lite span 
in animals.' Studies in patients with Parkinsons dis- 
ease have demonstrated that selegiline delays the 
need for dopamine-replaccmcnt therapy and sig- 
nificantly prolongs the time during which patients 
function' well enough to work.* ... 

Selegiline also increases levels ot catecholamines, 
and adrenergic stimulation may improve the cogni- 
tive deficits associated with Alzheimer's disease In 
short-term trials of selegiline in patients with Alzhei- 
mer's disease, small but significant improvements in 
coanitioiV and overall ratings of functioning' 0 have 
been reported. A longer study with a small sample 
yielded a similar but nonsignificant trend." 

Alpha-tocopherol (vitamin F.) is a lipid-soluble vi- 
tamin that interacts with cell membranes, traps tree 
radicals, and interrupts the chain reaction that dam- 
ages cells.' 1 In animal models, alpha-tocopherol re- 
duced the degeneration of hippoeampal cells after 
cerebral ischemia" and enhanced the recovery or 
: motor function after spina! cord injury. 1 " In hypoxic 
1 cultured neurons, alpha-tocopherol inhibited lipid 
peroxidation 15 and reduced cell death associated with 
5-amyloid protein. 16 Although no benefit was noted 
in a study of alpha-tocopherol in patients with Par- 
kinson's disease,* there is much interest in a possible 
role of antioxidants in delaying the onset ot Alzhei- 
mer's disease. 

The primary purpose of the present study was to 
determine whether selegiline, alpha-tocopherol, or a 
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combination of the two agents would s ow the 
clinical deterioration associated with Alzheimer s 
disease Although previous trials involving patients 
with Alzheimer's disease have focused on cognitive 
deterioration, our study examined functional loss. We 
sought to determine whether treatment With these 
agents could delay the time to the occurrence of clin- 
ical outcomes that reflect subst.uit.al functional dctc- 
rioration. 

METHODS 

Patients were recruited from 23 centers pMttepatlng In thc 
Al/hSCDbC*.«c Cooperative Study (*c the Appendix). A to- 
X S i n» with probable Alzheimer's disease ot modem* 
cleri v « mcasiired bv a Clinical Dementia Rating ol 3/ were 
c ,n led n" nm-c! consent was opined from each patient or 

S' k X the time of enrollment, the patient, were 
fee o?orh« c«n«l nervous system disease*, were not talcin* 
osvchoac ve n dicatk,,!,, and wee residing either at home or ,n 
Huoe ' ed Jtrn* with a care giver but not in a sk.lled-nucsmg 
raciC The study r<>p,huif.n Im been described ,n detail ptev, 

""rWrtienn were rartdomiv assigned (after stratification ac ; 
cord m - e with the use of A pcrnulted-block procedure, 
t rceete <clcuiiinc. alpha-tocophcrol. selegiline and alpha-lO.oph- 

Primary Outcome Measure 

Tl„. oriimrv outcome measure was the time to the occurrence 
,„■' S r the following end points: death; f««*»«~ 
. oss of the ability «. perform at least two of three b «k ^ 

Sri .^da/a Clinical Dement, Radng oi -3 "The date 
Of death or ins.irationalir.ation was used to C..U I c he „nK * 
Uhcr of these end point,; if that date _wa, jnj ^^^J* 
<rf tiV- iwKt follow-up visic WAS "soil. In ta.UM.ve t.K tim*. iu ^ . 

Sty P erl'.,m acUvUi ? Of daily JJ"^- | 
anrclKC of were dementia, we used t„e da.c o ait to.10 P 

Alzheimer's Disease A^ssmuu atdK a ' u \ , , 0fC 
c Pvn^i.vukm 21 Fiuitt cm was assess o *wh rru toi.i" stwr 

i.r «f rlw^ Unified Parkinson S Disease Katm& n ^ 

^^VniSr on "my item was considered to indicate the presence 

ot'exir^yrarnuinl si8n!i ' 

Safety . . 



all clinic visits. Medical events that ^^^^^ 
period were reported as advene events. These events wcie cate 
gorized on the basis of the description provided. 

Follow-up 

Assessments were conducted one month ^J^^^t 
at three-month uitervab for the ^mamdci -of h « ' v ^" r 
period. Ar each interval, every effort was made to asses* prima y 
n econdary outcomes, regardless of whether an end point had 
been reached Of the medication had been dlSCOntmi.ed. 

Drug-Level Monitoring 

The level of alpha-tocophcrol was monitored by measuring se- 
ra, o" P he ol'eonccntLons, and the level «f 
monitored* measuring amphetamine .« major *ietab «l ». m 
urine Tests for selegiline were considered positive it the presence 
SpS* was detected in 7S percent of the unm : sanip es 
obtained from a given patient. Tests to. aj> ha-to ophero U ve e 
considered positive if scrum tocopherol levels were 2.0 1 mg . per 
deSr (46 *tme4 per liter) or higher in 7* percent of the blood 
samples obtained from a given patient, 

Statistical Analysis 

Rase-linc differences in predetermined potential covariates 
among the four groups were examined with the use o» «*e ana.- 

variance «r chi-H««« V'^ffii da" 

.hir. c-xvnined included demographic characteristic (age, uara 

Snofr^tion, and J) and clinical J™ 

on the Mini-Mental State Examination and Rless.d .Dc menn. 

Scale and the presence or absence of extrapyramidal Signs . ine 

v iabk" t u t differed significantly among the groups , a r I e a 

^efwere examined as predictors o ft e ^ — ^ 

the signiHcant predictors were mcludea ut the analysis oi 

i '^LTpJinnryuuention-to-treat analysis of treatment efR«cy 
vivai analvses, analysis of vat.ance, or ai !ys iS of u "™ nL «^*. 



complex., ,as compared ^ Jjaitt 

UilTerciWW were observed tP^O-lK tm, r m. v ( 

prespecified rules for termination, i- t 
the unadjusted ™j^^*^2rinn. and sex. 

analysis. 

RESULTS 

Tabic 1 shows the demographic ^ ^nictd diar 
acterUrics of each study group at base lme. There 
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Table 1. Base-Unb Demographic and Clinical characteristics 
of 341 Patients with Alzheimer's Disease Randomly Assigned to Rr.cnivc 
Placebo, seleuiune, Alpha * Toco p h e rol , or Both Aof.nts.* 











SiUGlUNi 








Alpha- 


AND ALPHA- 




Placebo 




TOCOPMBAOl 


tOCOPHIAOl 


Characteristic 


<N-W) 


(N-87) 


(N»86) 


IN -85) 


A$c (yr) 


73.S = 8.3 


72.7s 8. 9 


73.4±7-8 


73.9*7.1 


Education (yr) 


12.2x3.1 


12.42:3.7 


12.623-3 


12.723.3 


Durarion of illness (yr) 


5.5±2.9 


4.812.4 


5.312.7 


4.7r2.5 


Female sex (% oYpaciems) 


65.5 


67.8 


65.9 


60.0 


Score on Mini -Mental State 


13.3£4.9t 


12,72:5.0 


11.32:5.7 


12.9=5.7 


Examination? 








6.4-2.3 


Score on Blessed 


6.1*2.1 


6.32:1.9 


6.612.1 


Dementia Scale§ 








24.7 


Extrapyramidal signs (% of 


19.0 


2(1.4 


18.8 


parjents) 








10.9 = 1.2 


Clinical Dementi* Rating 


10.9S1.2 


11.0=1.2 


11.311.3 


•Flut-minus values are means 











t Possible scores range from 0 (worn) to 30 (best J. 
iF-2.37;df-! 3336; 0.07 1, for the comparison between the placebo group And the other three 
groups. 

^Possible scores range from 0 (bc.u) to 17 (worst). 

^Scores shown represent the tout of rhu scores in mx domain* of the Clinical Dememia Rating 
Possible nummary scores range from 0 (bc$t) to 18 (worst). 



was a crenel toward a significant difference among 
the groups in the score on the Mini-Mental State 
Examination (P^ 0.071), with the placebo group 
having the highest score and the alpha- tocopherol 
group having the lowest score. There were no signif- 
icant differences in the other variables. In the Cox 
model, a higher score on the Mini-Mental State Ex- 
amination was strongly associated with a delay in the 
primary outcome (risk ratio, 0,909 per unit increase 
in score; P<0.001) and was also associated with a 
delay in each of the individual outcomes. 

Primary Outeome Measure 

The results of unadjusted comparisons of selegi- 
line with placebo (risk ratio, 072; P- 0,037), alpha- 
tocopherol with placebo (risk ratio, 0.70; P- 0.077), 
and combined treatment with placebo (risk ratio, 
0.78; P = 0,21) were not statistically significant (Fig. 
LA, 1b, and 1C). However, when the base-line score 
on the Mint-Mental State Examination was included 
as a covariate f Fig, ID), a significant delay in the pri- 
mary outcome was found with selegiline (nsk ratio, 
0.57; P = 0.012), alpha-tocophcrol (risk ratio, 0.47; 
P = 0.001), and combination therapy (risk ratio, 
0.69; P = 0.049). The estimated increase in median 
survival was 230 days for the patients receiving alpha- 
tocopherol, 215 days for those receiving selegiline, 
and 145 days for those receiving both, as compared 
with the patients receiving placebo (Table 2). 



We also examined the effect of treatment on each 
of the individual end points in the primary outcome 
measure (Table 3). For the end point of institution- 
alization, the comparison of alpha- tocopherol with 
placcbt) showed a significant treatment effect (risk 
ratio, 0.42; P« 0.003). No statistically significant dif- 
ferences among the groups were observed tor the oth- 
er end points. 

Secgndary Outcome Measures 

The results of the analyses of secondary outcome 
measures are presented in Table 4. In some cases, the 
cognitive data were not complete because of the de- 
velopment of advanced dementia. The mean time to 
the last score on the Mini-Mental State Examina- 
tion was 15.6 months, and the scores did not differ 
significantly among the four groups. Changes from 
the base-line scores also did not differ significantly 
among the groups (P = 0.S3). 

The change in the performance on the cognitive 
portion of the Alzheimer's Disease Assessment Scale 
was calculated as the difference between rhe base-tine 
score and the score at the last visit. The mean time to 
the last score was 12.4 months. The changes in the 
scores did not differ significantly among the four 
groups (P = 0.17). The use of the base-line score on 
the Mini-Mental State Examination and the time in 
the studv as covariates did not change these results. 
For the Blessed Dementia Scale, the mean time to 
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Figure 1. Event-free Survival of 341 Patients with Alzheimer's Disease Assigned to Treatment with Selegiline, AlphaTocopherol, 
Both, or Placebo. 

Event-free survival was defined 83 survival until the occurrence of deeth, institutionalization, loss of the ability to perform the ac- 
tivities of daily living, or severe dementia (defined as a Clinical Dementia Rating of 3). Panels A, B, and C show Kaplan-Meier curves 
for the comparison of placebo with selegiline (P = 0.Q87J, elpha-tocophercl (P = 0,077>, and combined treatment <P = 0.21), respec- 
tively. Panel D shows a Cox-modef estimation for the comparison of the three treatments with placebo, with the base-Hne score 
on the Mini-Menta! State Examination included as a covarigte (P- 1 0.012, 0.001, end 0,049, respectively). 



the last observation was 20.0 months. The change j 
in the score from base line to the hst evaluation dif- i 
fered significantly among the groups (P=0.004), j 
with the base-line score on the Mini-Mental State 
Examination included as a covariate. Pairwisc post 
hoc comparisons showed significant differences be- 
tween each treatment group and the placebo group, 
with a benefit associated with treatment, 

At base line, 3 percent of the patients received the 
maximal rating of 3 for level of care. For the 331 pa- 
tients who were not at level 3 at base line, similar 
proportions in the four groups received higher rat- 
ings at the last evaluation. 

At base line, 3 percent of the patients had a max- 
imal dependence level, defined as the need for assist- 
ance with moving, turning, eating, or using the toi- 
let. For the 332 patients who were not at the maximal 
level at base line, the Cox model demonstrated a sig- 
nificant overall effect of treatment in maintaining a 
lower level of dependence (P- 0.039). Patients treat- 
ed with alpha- tocopherol alone or combined with 



selegiline required significantly less supervision than 
those receiving placebo (P = 0.021 and 0.014, re- 
spectively). 

Changes in the scores on the Behavioral Rating 
Scale for Dementia differed significantly among the 
four groups (P« 0.020). The patients receiving com- 
bined therapy had a decrease in behavioral symptoms, 
whereas those receiving placebo had an increase in 
symptoms. The results of no other comparisons were 
significant. 

Extrapyramidal signs were present at baseline in 
22 percent of the patients, with no significant differ- 
ences among the four groups. There were no differ- 
ences in the frequency of new extrapyramidal signs 
among the groups (P^0,59). 

Safety Data 

A total of 49 categories of adverse events were de- 
fined, There were significant differences among the 
groups in three categories: dental events, which were 
defined as any event that led to dental treatment 
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Table 2. Primary Outcome AND Mftman Survival 
AccOWMNG to Study Guoui\* 



6SLEQILINE 

Alpha- and AlPHA' 

PRIMARY Outcome Placebo SIUsQWne Tocopherol Tocopherol 
and Survival ■ (N = 84) (N»87) lN=85) tN-65) 

U«t to f«lto*.up - 6(7) 4(S) 8 (V) 5(6) 

no. of piiticnM (%)t 
Wiwiry outcome - 58 (69) 47 (34) 45 (53) 47 (SS) 

no. <if patients (%) 
Unarmed median 526 62ti 5*7 581 

survival (days) 

Unadjusted dirterenec — 102 71 55 

in survival t treatment 

vi. placebo (days) 
Eiiitiuwd nwdiim 440 655 670 SkA 

survival (days) 

Estimated difference in - 215 230 US 

survival, treatment 
v*s, placebo (days) 



*F.iiim«« of wrvivnl arc derived from rhe Co* model, will* Adiu&tmer.t 
for ihe base-line score «n tiw Mini-Meiual State fcnaimrtuiu-m. Survival w,w 
defined a» the time t« the primary outcome, 

t Patients UiSC (O follow up «erc ihuse who did not rv.aeh an end point 
,md did "(ii complete the study. 



Table 3. iyiu'kntagk of iwhests Reaching Hack KSD Point, 
Aa:<>Rm\ti to Srunv Gimn\ 



End Point 



.iet iv inch *jf Jjtity living 
Clinical Demer.ti.i Rating 
uf 3 

lnsririiti(»iuli/.Alion 



Selegiline 
Alpha- and Alpha- 
Placebo Selegiline Tocopherol Tocopherol 





% <?f pntionls 




31 


2H 2> 


28 


51 


43 4S 


4? 


39 


33 2ft 


35 


12 


10 12 


7 



(P = 0 023)- foils (P = 0.005); and syncopal episodes 
(P = 0.03 1 )'(Table 5). The frequency of other adverse 
events, including cardiac, gastrointestinal, dermato- 
lou;ic, and psychiatric or other neurologic symptoms, 
ditl not differ significantly among the groups. Over- 
all, there were no statistically significant .differences 
among the groups in adverse-event categories after 
adjustment tor multiple comparisons.* There were 
also no significant differences in vital signs, weight 
change, or laboratory values among the groups. 

The death rate was 10.3 percent, which is similar 
to that reported in another cohort of patients with 
Alzheimer's disease of the same seventy.' VW also 
examined the cause of death and found no specific 
pattern associated with treatment. 



Drug-Level Monitoring 

Urine samples were available from 318 patients for 
analysis of amphetamine levels, The proportion of pa- 
tients with positive tests for selegiline was 93 percent 
in the combined group, 98 percent in the selegiline 
group, 11 percent in the alpha-tocophcrol group, and 
13 percent in the placebo group. Scrum samples were 
available from 332 patients. The proportion of pa- 
tients with positive tests for alpha-tocopbcrol was 91 
percent in the combined group, 93 percent in the al- 
pha- tocopherol group, 9 percent in the selegiline 
group, and 12 percent in the placebo group. 

DISCUSSION 
In this double-blind, controlled study of patients 
with Alzheimer's disease, treatment with selegiline 
or alpha-tocopherol or both was beneficial m delay- 
ing the primary outcome of disease progression. The 
median time to the primary outcome was longer with 
each treatment than with placebo. There was a trend 
coward a delay in reaching each of the individual end 
points making up the primary outcome, with a sig- 
nificant delay in institutionalization in the alpha- 
tocopherol group. There were also significant delays 
in the deterioration of the performance of activities 
of daily living and the need for care. These findings 
should be of interest since, to date, no treatment tor 
Alzheimer's disease has shown similar benefits with 
respect to these outcomes. The possibility that our 
findings reflect aberrations in the placebo group is 
unlikely, since the patients in this group reached the 

j end points at the same rate as patients m other mul- 

I ticenter studies. 18 

! Falls and svneope were more frequent m the treat- 
i ment groups, especially the group receiving com- 
i bincd treatment, than in the placebo group. Although 
! similar results have been reported with selegiline, 
there are no such reports with alpha- tocopherol, and 
the reason for the increased numbers or tails and syn- 
copal episodes in the group receiving combined 
treatment is unclear. However, these events did not 
lead to the discontinuation of treatment, and we con- 
clude that each agent alone may be relatively well tol - 
erated by patients with Alzheimer's disease. 

There were no demonstrable differences between 
the results in the group receiving combined treat- 
ment and either of the groups receiving individual 
treatment. There are several possible explanations 
for the lack of an additive effect of treatment. Per- 
haps both agents exert their effects through the 
same mechanism, with either agent providing a max- 
imal benefit. Alternatively, each agent may work 
through an independent mechanism, but the disease 
may have been sufficiently severe that no additive 
benefit could be observed, finally, one agent may 
interfere with the absorption or metabolism ol the 
other, resulting in an effect that is not additive. 
Our findings suggest thai the use ol selegiline or 
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alpha-tocopherol may delay clinically important func- 
tional deterioration in patients with Alzheimer's dis- 
ease. One can only speculate about the mechanism 
underlying this effect Selegiline may have enhanced 
the functioning of nigral neurons or enhanced their 
survival by inhibiting oxidative deamination. Alpha- 
tocopherol may have provided the Same benefit, re- 
sulting in the inability to observe an additive effect in 
the group receiving combined treatment, 

In our study, there was no improvement in cogni- 
tive test scores in any of the treatment groups. Our 
patients were more severely impaired than those 
described in other clinical trials, 2 *- 19 and our obser- 
vation period was long, with a large proportion of 
patients who did not complete the two years of test- 
ing, However, even when we controlled for the 
length of the observation period, treatment had no 
effect on cognitive scores. The observed changes in 
the scores on the cognitive portion of the Alzhei- 
mer^ Disease Assessment Scale and the Mini-Men- 
tal State Examination are similar to those reported 
in other studies, 30 and our findings do not suggest 
that the patients had reached a maximal deficit. It is 
possible that other features of advanced disease 
(e.g., behavioral disturbances and functional impair- 
ments) make it difficult to assess the cognitive do- 
main. Alchough cognitive measures have typically 
been the index of symptomatic improvement meas- 
ured over a short interval, they may not be the best 
measures of disease progression, particularly in a co- 
hort of patients with moderately severe Alzheimer's 
disease followed for a long interval. There was a 
benefit of treatment associated with the score on the 
Blessed Dementia Scale, which includes instrumen- 
tal activities of daily living — those that require cog- 
nitive function. Perhaps functional and occupational 
measures of cognitive capacity are better indicators 
of disease progression than psychometric measures. 

The role of selegiline and alpha- tocopherol in the 
treatment of neurodegenerative diseases is currently 
of great interest. Selegiline delays the onset of dis- 
ability in patients with Parkinson's disease. 8 Previous 
trials of alpha-tocopherol have demonstrated no 
benefit in patients with Huntington's disease 3 - or 
Parkinson's disease. 8 The neuronal populations in- 
volved in Alzheimer's disease are more sensitive to 
oxidative stress than those in other neurodegenera- 
tive diseases. Perhaps these neurons mediate the 
clinical end points described here. The outcome of 
improved function, despite the absence of improved 
cognition raises the possibility that the eftect we ob- 
served is a nonspecific health benefit to which our 
primarv outcome was sensitive. For example, in eld- 
erly populations it has been suggested that antioxi- 
dants improve cardiovascular function'* and the im- 
mune response" and also reduce the risk of cancer. 34 
Although we found no differences in the frequency 
of these types of adverse events in our study groups, 



Table 4. Secondary Outcome Measures. 



Scuqiune 
ALPHA* AND AWHA* 

Outcome MBAftUAB" PLACEBO SfilBQiuNE Tocopherol TOcOWfiftOL 

Mini-Memal State 

Examination (mean 

change in wore) 
Alzheimer's Disease 

Assessment Scale (mean 

change in score) 
Blessed Dementi* Scale 

(mean change in *corc) 
Equivalent Institutional 

Service (% of patients 

receiving higher fating) 
Dependence Scale (9h or 

patients receiving higher 

score) 

Behavior Racing Scale for 

Dementia (mean change 

in score) 
Unified Parkinson's Disease 

Rating Scale {% of patients 

with new «jtmipynunid4l 

signs) 

•For the Mini-Mental State Examination, a lower number indicates 
worse performs. For ail other measures, a higher number indicates 

worst! performance. 

fl> =0.004 for the comparison with placebo 
$1* =0-039 for the comparison with placebo. 
$P=0.020 for the comparison with placebo. 
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Tadle 5. Frequency of Adverse Events according to 
STUDY Group. 



Adverse Event 



Denial event 
Fill 

Syncope 



SILAS I UN E 

Alpha- and Alpha- 
Place 90 SELEGILINE Tocopherol TocophEAOL P VAUffi' 



no. Of patients {%) 



0 

4 1 5/ 
3(4) 



6(7) 

a (9) 

9(10) 



1 (1) 
12 (14) 
6i.7) 



1(1) 0.023 
\9 (U) 0.005 
14(16) 0.031 



*P value* -ire for the comparison of e-*ch treatment with placebo. 



we have no biologic data to evaluate these possible 
effects. The small behavioral effect that we observed 
is unlikely to account for these results. Perhaps cog- 
nitive measures would be sensitive to changes at ear- 
lier stages of the disease. However, only randomized 
clinical trials can determine the usefulness ot these 
agents in other populations. 

Both selegiline and alpha-tocopherol delay func- 
tional deterioration, particularly as reflected by the 
need for institutionalization, and should be consid- 
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ered for use in patients with moderate dementia. 
Convenience and cost may play a part in treatment 
decisions, since both agents were effective. It should 
be noted that statistically significant results were 
seen in a model that included adjustment for the 
base-line differences among the groups in the score 
on the Mini-Mental State Examination. Although 
this type of adjustment was used in other studies of 
drugs to treat Alzheimer's disease,- 8 - 2 * it may limit 
the interpretation of these results. Replication of our 
findings would lend support to our data showing the 
efficacy of these agents. In addition, little is known 
about the efficacy of these compounds in other pa- 
tients, such as those with mild cognitive impairment, 
early dementia, or the very late stages of Alzheimer's 
disease. 
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APPENDIX 

The following members of the Alzheimer'* Di.wi.so Cooperative Study 
participated in this study: S. Vicari, Southern liliiuii* University, Springfield; 
D. Bennett, C Forehcui, and A. Levin, Rush Institute on Aging. Chicago; 

C. Clark, University of Pennsylvania, Philadelphia K. Davis, K Aiscn. 

D. Marin, and R, Molu, Mount Sinai School of Mvdiciiie, New York 
R. Doody, b. Lipscomb, .ind P. Sehulz. Baylor College of Medicine, Hous- 
ton; S, Ferris, ii. Revniek. and T. MeRac, New York University Medical Cen- 
ter, New York; N. Fwtur, N. Rarhas, L. Bicliauskas, and L. ftluicmlcin., Uni- 
versity or" Michigan* Ann Arbor; J. Crowdon, N. Sim«n ia»> M. Tennis, 
C. Burke, A. Markup Jind K- Onefe, Massachusetts General Hospital, Boa- 
tiwi; L, Harreil. University of Alabama at Birmingham, Birmingham; C. Ka- 
was* H. Knrat?iozis, and A. MorrtMin, Johns Hopkins University, Baltimore; 
I Kayc, Oregon Health .Sciences University, Portland; f). Knopman, 
M. Prod 1 Horn me, and I,, l.ungfcy, University of Minnesota Hospital, Min- 
neapolis; V. Kumar, University of Miami, Miami Beach, Plfl-i R. Margolin 
and P. Brooks, Vjunlcrliilt University, Nashville; |, Morris -and E. Rubin. 
Washington Univcmtv Medical Center* St. Itmfo; R. I^ter.sen and L. Lim- 
bo. Mayo Clinic, Rochester, Minn.; U. Pwiffcr. University of South Florida 
Health Sciences Center, Tampa; M. RaAind "»d E. Peskmd, Veteran* At; 
fairs Mcdteal Center, Seaccle; M. Sano, K. Murder, K. Bell. G. Dooneiet, 
?. Schofield, M- Chun, A. Lawton, and J. WiImhi, Columbia University, 
New York K Sehrokt and W. Ashrord, University of Kentucky, Lexington. 
I.. Schneider. S. Pawluvzyk, J- Olin, N. Taggart, and C. Oh:m>h, University 
v f Southern "California, Los Angelc*; W. Scrittmattcr and $. VVyne, Duke 
Unheraity, Durham. N.C; L. T>«l, W. Samuel, J. Corey Bloom, 0. (.alas- 
ko, D. Bower, and V. Rice. University of California at San Diego, U /olla; 

V Whitebousc, A. Lcmcr, K, Homer Fedor, R Hedcra, M. httcrson, 
M Sandem, and C. Zarforozny, Universny Hospital* of Cleveland, Cleve- 
land. Member* of the dau-mooimrmg and daw-coordinating staff-, I R<>- 
chenek, r... Simon, B. White, $. Jin, J. Jcong, L. Berkman. J, M^lecll, and 
M. Sehittiiu. Members of the safety- monitoring committee; E. Jackson, 
P. Tariot, and T. Sunderland. 
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EFFECTS OF TOCOPHEROL AND DEPRENYL ON THE PROGRESSION OF DISABILITY IN 

EARLY PARKINSON'S DISEASE 

The Parkinson Study Group* 




Abst raot Background and Methods. In 1 987 we began 
a muttlcenter controlled clinical trial of deprenyl (a mono- 
amine oxidase Inhibitor) and tocopherol (a component of 
vitamin E that traps free radicals) in the treatment of early 
Parkinson's disease. We randomly assigned 800 patients 
to one of four treatments: placebo, active tocopherol and 
deprenyl placebo, active deprenyl and tocopherol pla- 
cebo, or both active drugs. The primary end point was the 
onset of disability prompting the clinical decision to begin 
administering levodopa. An Interim analysis showed that 
deprenyl was beneficial (N Engl J Med 1988:321:1364- 
71). We report the results of tocopherol treatment after a 
mean (*SD) follow-up of 14±6 months, as well as the 
follow-up results for deprenyl. 

Results. There was no beneficial effect of tocopherol 
or any interaction between tocopherol and deprenyl. The 

A VARIETY of oxidative mechanisms, involving 
the activity of monoamine oxidase and the for- 
mation of free radicals; have been implicated in 
the degeneration of neurons in the substantia nigra. 1 
The possible role of such mechanisms in the patho- 
genesis of Parkinson's disease has led to clinical tri- 
als aimed at slowing the progressively disabling course 
of this illness. Deprenyl (selegiline or phcnylisopro- 
pylmcthylpropynylamine) is a selective and irrevers- 
ible inhibitor of type B monoamine oxidase when 
administered in a dosage of 10 mg per day/ 2,s or-Tu- 
copherol, a biologically active component of vita- 
min E, attenuates the effects of lipid peroxidation by 
trapping free radicals. 4 * 5 

The multicenter controlled clinical trial Deprenyl 
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beneficial effects of deprenyl, which occurred largely dur- 
ing the first 1 2 months of treatment, remained strong end 
significantly delayed the onset of disability requiring levo- 
dopa therapy (hazard ratio, 0.50; 95 percent confidence 
interval, 0.41 to 0.62; P<0.001 ). The difference In the esti- 
mated median time to the end point was about nine 
months. The ratings for Parkinson's disease improved 
during the first three months of deprenyl treatment; the 
motor performance of deprenyt-treated patients worsened 
after the treatments were withdrawn. 

Conclusions, Deprenyl (10 rrtfl per day) but not te. 
copherol (2000 lUoer day) delays the onset of dlsabil-_ 
Ttv associated with early, otherwise untreated Parkin- 
son's disease. The action of deprenyl that accounts tor 
"its beneficial" effects remains unclear. (N Engl J Med 
1993;328:176-83.) 

and Tocopherol Antioxidative Therapy of Parkin- 
sonism (DATATOP) was carried out to determine ' 
whether long-term therapy with deprenyl or tocopher- 
ol would extend the length of time before advancing 
disability requires the initiation of levodopa therapy 
in patients with early, untreated Parkinson's disease. 1 
An interim analysis of this trial, prompted by inde- 
pendent monitoring and based on the observation of 
800 patients for a mean (±5D) of 12±5 months, indi- 
cated that deprenyl reduced the risk of disability re- 
quiring levodopa therapy by approximately 50 per- 
cent. 6 However, it was unclear whether the effects of 
deprenyl would be sustained or whether deprenyl re- 
sulted in short-term amelioration of clinical features 
(symptomatic effect), a slowing of underlying nigral 
degeneration (protective effect), or both mechanisms. 
This report extends the analysis of the DATATOP 
clinical trial to include 14±6 months of observation 
and a modification of the protocol based on the inter- 
im analysis, and addresses the independent and inter- 
active effects of tocopherol and deprenyl. 

Methods 

The methods used in the DATATOP trial, including a descrip- 
tion of the design, organization, recruitment of subjects, data no- 

r " ' ^ ^^^^^ ^ ^ mg t^^^^^^^ 

Enrollment and Follow-up 

Eight hundred untreated patients who had had Parkinson's dis- 
ease (stage T or II) tor less than five year* and who met other 
eligibility criteria 1 were enrolled hctween September 3, 1987, and 
November 15, 1988. They w<y;c randomly assigned according 
to u two- by-two factorial design 7 to one of four treatment groups: 
tocopherol placebo and deprenyl placebo; tocopherol (2000 IU ; 
per day) and deprenyl pkcepovdcprenyl .{lO.xng per 4ay) »n<l to- i 
copherol placebo; and deprenyl (10 mg per day) and tocopherol 
(2000 IU per day).. The, process pf: r r,ftnd9.mization ; ww. designed 
to ensure that each investigator hid ari approximate numerical 
balance of subjects in the four groups- ■ The Mibje.ct.s tpolf .IQOO-IU 
capsulea of racemic , <tf-a-toc* phtfbl ;d'r Jdfcntlca*appcaring pla- 
cebo capsules (HufTmann-LaRochc, Nutloy, N J.) and 5-mg tablets 




of-^deWenyl or !tf«ntfc.al-app«kring UWejta oT placer* (Somerset 
Pharmaceuticals, Tampa, Fla.) twice daily with morning and eve- 

ni ¥h^»ubjectt were reevaluated 1 month and 3. month* after ran- 
dbnittrj^ and: »ppi«xlm'atdy wer« 3 : month thereafter, Tor a 
plarmed maximum of 54 months of follow-up. At each visit, the 
subject* were evaluated with the Unified Parkinson's Disease Rat- 
ing Scale (UPDRS), including itt.motor, mental, and activities-or- 
dailv-livine components. 4 Evaluation with the Hamilton Depression 
Scale* was carried out at base line, at one and three months, and 
at six-month intervals thereafter. The procedures for monitoring 
surveillance laboratory tests and compliance are described else- 
where. 



the main effects of deprenyl and tocopherol as well as interac- 
tions between these drugs. 

Results ^ 
Comparability of Trwtmont Group* and Adwrs* Evtntn 

The four treatment groups did not differ significant- 
ly in the variables measured at base line, including 
age, sex, ratings on the UPDRS and Hamilton De- 
pression Scale, any previous levodopa treatment, time 
from the -.onset of illness to randomization, level of 
education,*, and employment status. 



The primary end point of the trial occurred when, in the judg- 
ment of the enrolling investigator, a subject reached a level of func- 
tional disability sufficient to warrant the initiation of levodopa ther- 
apy.' Thereupon, the experimental treatments were withdrawn and 
investigator* and subjects were kept unaware of the treatment as- 
signments; the subjects underwent final evaluations approximately 
30 days later. 

Modification of tho Protocol 

An independent monitoring committee recommended (February 
1 1 19891 an interim analysis* of the effect of deprenyl, which in- 
cluded follow-up data obtained through May 20, 1989, when inve, 
ligators were first informed of the interim results. The subjec u were 
first advised Of the interim finding, after their scheduled follow-up 
51 ^ducted between July 31, 1989, and December 19, 989. 

All actively participating subjects who had not reached the pri- 
mary end point provided informed consent for the modification of 
the trial that followed the interim analysis. Under the revised proto- 
col, additional iollow-up evaluations of these subjects were per- 
formed approximately one and two months after experimental treat- 
ments were withdrawn by tapering the dosages over a one-week 
period. Treatment with deprenyl (10 mg per day) could b« "amd 
during the two months after treatment was withdrawn if the mvesti 
gator determined that features of Parkinson's disease had worsened 
Sufficiently as a consequence of the withdrawa o 
treatments. All subject,, coordinators, and investigators were k ept 
unaware of the treatment assignments throughout this modified 
phase of the trial. 

Statlatlcal Analytl* 

In accordance with the intention-u-iseat principle,'" statistical 
analyses included all 800 subjects who were randomly assigned to 
the four treatment groups. All P value, were two-vailed The p„. 
marv analysis used methods for evaluating survival" to account for 
the varying lengths of follow-up among subjects who reached the 
end point? 'hose who withdrew torn the trial before reaching 
the end point, and those still being followed who had not reached 
the end point. The cumulative probabilities of reaching the end 
point were estimated with the method of Kaplan and Maer"; data 
on subject* who withdrew from the study were censored as of then 
date of withdrawal. The end-point comparisons used Pearson sch.- 
souare statisdc," the stratified log-rank test," and Cox i propo 
Hoards egression model, 11 with the identity of the paruc- 
padng uwesdgatOT entered as a stratification factor. The risk among 
ffits reWivW an active treatment (deprenyl or tocopherol), rel- 
ate to that among subject, not receiving that treatment was ^ ex- 
pressed as a hazard ratio - that is, the ratio of the nsk per unit of 
time until the end point was reached among subjecu assigned to 
active treatment to the corresponding risk among subjects not as- 
signed to that treatment. , 

The differences among the four treatment groups with respec 
to adverse effects reported after base line were 
square statistics." The rates of disease progression and 
ir, the scores of the UPDRS and the Hamilton Depression Scale 
devaluated by analysis of variance ,» with •**«»™^ 
vestigator effect.. Follow-up variables were analyzed to determine 



cat' conditions, wiu 1 

generally infrequent and uniform among all treatment 
groups. Of the 63 symptoms of moderate or serious 
severity reported to have occurred at least once, re- 
gardless of any perceived relation to experimental 
treatments or Parkinson's disease, only nausea oc- 
curred disproportionately (in one subject taking pla- 
cebo only, none taking tocopherol and placebo, two 
taking deprenyl and placebo, and six taking both 
drugs; nominal P - 0.045, deprenyl). 

Of Ihe 17 other medical conditions reported to have 
occurred at least once, regardless of any perceived 
relation to the experimental treatments or Parkinson s 
disease, only musculoskeletal injuries and cardiac ar- 
rhythmias occurred disproportionately (injuries in 
5 subjects taking placebo only, 6 taking tocopherol 
and placebo, 18 taking deprenyl and placebo, and 11 
taking both drugs; nominal P = 0.007, deprenyl; ar- 
rhythmias: 1 subject taking placebo, none taking to- 
copherol and placebo, 4 taking deprenyl and placebo, 
and 4 taking both drugs; nominal P - 0.04^, dep- 
renyl). The cardiac arrhythmias were not considered 
life-threatening and included increased premature 
ventricular contractions (one subject taking placebo 
only and one taking both drugs), supraventricular 
tachycardia (one taking deprenyl and placebo and one 
taking both drugs), and bradycardia with varying de- 
trreea of atrioventricular block (three taking deprenyl 
and placebo and two taking both drugs). No signifi- 
cant treatment-related changes in blood pressure or 
pulse recordings were found during the study. 

Of the clinically important laboratory abnormali- 
ties found on the battery of 41 surveillance tests, only 
abnormal elevation of scrum aminotransferase levels 
was found lo be a significant treatment effect. Aspar- 
tate aminotransferase levels exceeding 36 U per liter in 
men and 34 U per liter in women occurred in 10 sub- 
jects taking placebo only, 3 taking tocopherol and pla- 
cebo, 20 taking deprenyl and placebo,^ and 8 itak mg 
both drugs (P = 0.028, deprenyl; and P - 0.005 to- 
copherol); alanine aminotransferase levels exceeding 
43 U per liter in men and 34 U per liter in women 
occurred in 10 subjects taking placebo only, 4 taking 
tocopherol and placebo, 24 taking deprenyl and pla- 
cebo, and 7 taking both drugs (P = 0-016, deprenyl; 
and P - 0.001, tocopherol). Elevations of alanine 
aminotransferase levels exceeding 1 50 percent of base- 
line values on more than one follow-up visit were 
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found in only two subjects (one taking deprenyl and 
placebo and one taking both drug*). Adverse events 
prompted emergency disclosure of the treatment as- 
Lnments of two subjects (one taking deprenyl and 
placebo and one taking both drugs) m whom cancer 
developed and one subject taking both drugs who had 
hallucinations. No subjects died while partictpating in 
this phase of the study. 

Compliance in taking experimental medications 
was excellent among all treatment groups. The overall 
compliance rate, as a percentage of the doses d,s- 
pensed that were actually taken, ranged from 97.9 to 
99 5 percent for both tocopherol and deprenyl. The 
results of urine testing for amphetamine and ^am- 
phetamine during the follow-up visits agreed I we 1 with 
The treatment assignments, ranging from 95 to 1W 
percent agreement among subjects not assigned to 
deprenyl and from 86 to 95 percent among those as- 
signed to deprenyl. The distribution of serum to- 
Spherol concentrations exceeding 2 0 mg per deciliter 
(46 Mmol per liter) during the follow-up visits also 
matched the treatment assignments, ranging from 8 1 
to 100 percent agreement among subjects not assigned 
to tocopherol and from 78 to 90 percent among those 
assigned to tocopherol. 

End Points 

Table 1 compares the status according to treatment 
ffroup, as of the last evaluation during experimental 
treatments, of the 376 subjects who reached the pri- 
mary end point, the 57 subjects who withdrew from 
the study before reaching the end point, and the ibi 
subjects who were still being followed and had not 
readied the end point. 

Tocopherol treatment (regardless of deprenyl ad- 
ministration) did not reduce the probability of reach- 
Sg he end point (hazard ratio, 0.91; 95 percent conh- 
deCc interval, 0.74 to 1.12; P = 0.35), and the hazard 
ratios for tocopherol remained homogeneous through- 
out the maximal period of follow-up (24 ^mhs^To- 
copherol alone did not significantly reduce the nsk oi 
reaching the end point, as compared with double pla- 



STATUS 



Reachcxi cfld point 113 

Withdrew bofore 1 4 
reaching 

end point \ 

ftauainpd to trial 72 

without ^yr 
reaching 
end point 

Total I" 



77 



202 



HO 



10$. 



197 




6 12 10 

Months after Randomization 



24 



164 
165 

181 

184 



102 
109 

153 

143 



60 
4B 

81 

72 



3 
0 

3 
8 




3$7. 



800 



^jk^^Sss. was- * 



Placebo 1M 
Tocopherol 202 

ana placebo 
Deprenyl and 202 

placebo 
Deprenyl and 197 

tocopherol ..... 
Flaure 1 Kaplan-Meier Estimate ol the Cumulative Probability of 

9 Reachlnfl the End Point, According to Treatment Group. 
The hazard ratio tor the comparison of eub|ect$ taking depreny 
JwUh oTaXo o> tc«opherol) with eub|ecte not taking deprenyl 
%&3S!% or tocopherol with placebo) with , respecr to J» risk 
S reacnina the end point per unit ot time is 0.60 (P<0.001, 86 

SheS from baa* line to the «; Jj pjjj 
ment. The number of subject* evaluated In each group is enown 
under eaoh time point. 



cebo (hazard ratio, 0.92; 95 percent confidence inter- 
val, 0.70 to 1.22; P = 0.57). There was no interaction 
between deprenyl and tocopherol (P - 0.97). 

Ka"lan-Meier plots (Fig. 1) of the probability of 
reaching the end point of the study differed stgnrficant- 
ly between subjects assigned to deprenyl (with pla- 
cebo or tocopherol) and those not assigned to deprenyl 
(those taking placebo alone or, placebo »^ J^"" 
ol) (hazard ratio, 0.50; 95 percent conn<J®ce mtq* 
val, 0.41 to 0.62; ^9^.^ ,0^5^. 



454 days for the subjects who were not ^assigned to 
deprenyl, representing an approximate difference ot 

%tol; 0 the S ov e rall hmrd ratio of 0^0 for deg 



0.86 (95 percent ponfide^«;in.teryal, 0,45 «>. 1 ;66) fttwr 
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18 months, According to Cox's test, 16 these hoard 
ratios were significantly heterogeneous (P - 0.w»;. 
The Kaptari-Meier plots for the first 18 months after 
randomization were virtually identical to th* plots re- 
ported in the preliminary analysis*; thereafter, the 
Srobabilities of reaching the end pomt did not; contin- 
ue to diverge. Subjects assigned to deprcnyl benefited 
from treatment irrespective of their base-line charac- 
teristics. There were no significant differences in treat- 
ment effects in relation to the enrolling investigator, 
the age of the subject, or the date of entry of the 
. su.bjeg^ 



were withdrawn from experimental treatments and 
evaluated approximately one and two months later. 
During the two months after treatment was with- 
drawn, 4 subjects (2 taking double placebo, 1 taking 
Tocopherol and placebo, and 1 taking deprcnyl and 
Dlacebo) reached the primary end point, 1 taking both 
5 die trial, and 52 were judged by the le- 

gator to have an increase in the seventy or Parkinsons 
disease and were given deprcnyl. lhere was no evi- 
dence of differences among the treatment groups in 
the rate of early deprenyl administration (12 of U 
subjects taking double placebo 17 percen t; 13 of 77 
taking tocopherol and placebo, 17 percen 19 of 1 10 
taking deprenyl and placebo, 17 ™ d 8 oi 

108 taking both drugs, 7 percent; r - u.Uj. 

d«condary Response Variables 

Table 2 shows the average rate of decline from base- 
line values for the UPDRS variables in all subject, 
completing at least a six-month ^* 0 *W*- 
less of whether they reached the end point. T here we e 
no significant differences in the rate of change m 
secondary response variables between subjects a.- 
stgncd to tocopherol and those not assigned to tocoph. 
< eioh The average rate of decline in all UPDRS 



variables was significantly slower in »»^ tt . to J 1! ?8 
deprenyl (with placebo or tocopherol) than in sub- 
jects not taking deprenyl {those taking placebo alone 
or tocopherol and placebo). § 

For subjects who did not reach the end point (survi- 
vors), the rates of decline in UPDRS variables were 
calculated from base line (before the initiation of ex- 
perimental treatments) to the evaluation that oc- 
curred approximately two months after the withdraw- 
al of treatment (Table 2). Survivors assigned to 
deprenyl had a significantly slower decline in total 
UPDRS scon* than did their counterpart^ 

end point, most of the decline in UPDRS scores typi- 
cally occurred immediately before, the determination 
that the end point had been reached, 17 and there were 
no significant differences between treatment groups in 
Sir ratings on the UPDRS at the time that the 
end point was reached (data not shown^ 

Table 3 shows the changes in the ratings on the 
UPDRS and Hamilton Depression Scale from base 
line in all subjects who completed follow-up evalua- 
tions after one and three months. Sigmhcant changes 
during the first three months of treatment (the wash- 
in 1 ' period) favoring the subjects taking deprenyl oc- 
curred in all UPDRS variables at. one and three 
months. No significant short-term changes in UFUKo 
ratings were found that favored the subjects taking 

l ° WheTthc subjects in each treatment group were 
divided into those who had an initial improvement jn 
the total UPDRS score between base line and one 
month' (a total of 407 subjects; 215 assigned to dep- 
renyl and 192 not assigned to deprenyl) and those who 
had a deeline or no change in the score 
subjects; 173 assigned to deprenyl and 201 no r* 
signed to deprcnyl), the diAcrcnces in the rate at 
which the end point was reached favored those as- 



Table 2. Average Annual Rate of Decline In UPDRS Ratings. 1 



UPDKS 



Tout (all components) 

All subjects 

Survivors 
Mental 

All subjcCU 

Surviviws 
MCXC* 

All subjects 

Survivor* 
Activities of daily 
Hving 

All subject* 

Survivors 



14.02X12.32 (175) 
5.74*5.64 (57) 

0.69*1.72(176) 
().02±0,94 (57) 

8.91*8.4» (175) 
3.62*3.74 (57) 



4,40±4.34 (»76) 
2.l0±2.28 (57) 



PUCIB" 



DeMlEHVV ktib 
Kt.At.UtiO 



ruling (no vj yuhj&ax} 



15.16±16.12 (178) 
5.57±5.98 (63) 

0.71±2.03 (178) 
0.02*0.74 (63) 

9.8U±l0.81 tn«) 
3.92*4.47 (63) 



4.65±5.8l (17H) 
l.62±2.02 (63) 



7.00± 10. 76(190) 
3.63±4.32 (89) 

0 12+1.20(191) 
f 0.07 ±0.75 (89)* 

4.90x7.61 (190) 
2.662:3-22 (89) 



2.01±3.94(I90) 
1.04 ±1.95 (89) 



DHWKNYL ANO 
TOCOPWBIKH. 



7.28*11.11 (182) 
3.60:1:5.35 (%) 

0.04*1,10(182) 
+0.03 ±0.76 (96)t 

4.K7*8.01 (1S2) 
2.51 ±3.86 (96) 



2.38vt3.69(182) 
1.13x2.16(96) 



p vaujkT 



<Q,0Ot 
<0.001 

<0.001 
0.599 

<0.001 
0.002 



cO.001 
0.002 







thc» 



tlnHuA of declinlnj, H» improve. 
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vDIUIN 



Total (oil components) 
1 -Mo wa&h*iA 

I -Mo washout 

2- Mo washout 
Mental 

I -Mo waah-in 

3- Mo wash-in 

1- Mo washout 

2- Mo washout 
Motor 

1-Mu wush-in 

3- Mv wash-in 

1- Mv washout 

2- Mv washout 
Activities of daily 

Uvirtfc 
1-MO wash-in 
3*Mo wash-in 

1- Mo washout 
5. Mo washout 

Hamilton Depression 
Settle 
I -Mo wash-in 
$*Mo wash-irt 
1 -Mo washout 

2- Mo washout 



O.IU5.98 (195) 
-1.34*6,70(181) 
-1.23*5.97 ($9) 
-0.48S5.72 (37) 

0.19*1,21 (195) 

0.10*1.21 (tai) 

-0. 12*0,9* (69) 
0.18±I.Q7 (57) 

0,01 ±4.33 (195) 
-U.7A±4.89 (LSI) 
-0.26±4.43 ffl) 
-0.202=4.65 (57) 



-0.0*1*2.36 (195) 
-U.68i2.69(Ul) 
-0.86*2.81 (69) 
-0.46x2.16(57) 



0.02*2.86(194) 
-0.20*2.77 (181) 
~0.52±2,73 (69) 
-0.68*1.92 (37) 



TOOOPHEROl. AND 
Pl.ACBBO 



DbHteNYL AND 
Pi ACT" HO 



DBFMNYI, and 

Tocopherol 



P VftLUft 



radn$ {nt>, of objects) 



-0.37*6.16 098) 
-t.94S7.3l (184) 
-0.91 ±5. 10 (76) 
-0.53 £6.26 (65) 

0.02 ± L 13 (19*) 
0.02x1.17 ON) 
-0.1 1* 1.28 (76) 
0.00*1.02(63) 

-0.28*4.73 (198) 
-1,3»±5.38 (184) 
-0.49±3.87 (76) 
-0.09 *4.95 (63) 



-0.12±2.30(198) 
-0.58 £2. 67 (IfU) 
-0.29*2.14 (73) 
-0.44*2.37 (62) 



- 0.21*2 60(193) 
-0.46=3.17 (183) 
-0.43*3-0 (75) 
-0.41*2 06 (63) 



20726.36(199) 
1. 56*7.04 (195) 
-2.25ii5.73 (106) 
-J.24±4.95 (87) 

0.28±0.97 (200) 
0.27*1.15 (196) 
-0.11x0.93 (106) 
-0.09*0.86 (87) 

1,40±4.82 (199) 
0.93±5.49 (195) 
-1.47±4.79(106) 
-2.24±3.93 (87) 



0.40*2.32 (199) 
0.3612.57(195) 
-0.67 .T 1.92 (106) 
-0.91*2.35 (87) 



-0.13x3.13 (200) 
0.15*2.75 (194) 
-0.30*2.07 (103) 
-0.23*2.45 (86) 



1,30±6.63 (194) 


<0.001 


i 42±7.35 (186) 


<0 001 


-2.04*5.36 (106) 


NS 


-3.10*6.21 (95) 


<0.001 


0.32±1 23 (194) 


0.020 


0.40*1.18(186) 


0.001 


0.03 ±1.02 (106) 


NS 


-0.042:1.05 (95) 


NS 


0.66*4.95 (194) 


<0 00l 


0.78*5,43 (186) 


<o.ooi 


-1.27±4.16(106) 


0.042 


-2.18±4.87 (95) 
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Signed to deprcnyl in both subgroups (subgroup with 
improvement: hazard ratio, 0.55; 95 percent conh- 
dcrice interval, 0.40 to 0.75; P<0.001; subgroup with- 
out improvement: hazard ratio, 0.53; 95 percent confi- 
dence interval, 0.39 to 0-73; P<0.001) 2) ; I he 
beneficial effect of deprenyl in reducing the risk ot 
reaching the primary end point persisted even when 
this analysis was carried out with data collected after 
the one-month visit (data not shown) and when the 
subjects assigned to deprenyl who did not improve 
were compared with subjects not assigned to deprcnyl 
who did improve (hazard ratio, 0.56; 95 percent confi- 
dence interval, 0.40 to 0.78; P<0.001). 
Amone subjects who reached the end point the 

tion at the end point and the final evaluation one 
month later were slight, and the differences between 
the treatment groups were not significant except lor a 
relative improvement (P = 0.006) in the mental com- 
ponent of the UPDRS in subjects not assigned to dep- 

rcnvl * 

Among ^subjects who did not reach the end point 
and who were withdrawn from experimental treat- 
ments in accordance with the modification of the tri- 
al protocol, slight worsening of the ^ow wmpongt 
of the UPDRS was* found one month (r - U .uw) 
and two months (P<0.001) after the withdrawal of 
treatments in the subjects assigned to deprenyl as 
compared with the subjects not assigned to deprenyl 



(Table 3). The disproportionate worsening of motor 
performance was largely attributable to changes m 
scores for tremor and rigidity. There were no signifi- 
cant treatment-related effects due to withdrawal on 
the mental or aetivitics-of-daily-living component* of 
the UPDRS or on the Hamilton Depression Scale. 

Discussion 

Effects of Tocopherol on Primary and Secondary 
Response Variable* 

Our clinical trial revealed no evidence of any bene- 
ficial effect of a-tocopberoi (2000 IU per day) in cither 
slowing functional decline or ameliorating the clinical 
features of Parkinson's disease. The failure of tocoph- 

ncss of other antioxidants. Treatment with tocopher- 
ol, which traps peroxyl radicals and interrupts the 
chain reaction of lipid peroxidation, may be less eflec- 
tive than interventions that prevent the formation of 
cytotoxic radicals and the initiation of lipid peroxida- 
tion. 5 It is also possible that inadequate amounts of 
tocopherol accumula^d.iphc c^ntraA.neryous. system 
in our subjects. , - • • •• \ ■ 

Efttot» of Oeprtnyl on Primary aiwi 8i©or^rV Baaoonae 
VarlaW* 

Our previous findings of a substantial benefit of 
deprcnyl in delaying the on$et of disability abated 
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with P^rkif>soafs;d^ by the 

findings in this; extended period of observation. The 
results ninc months in 

the development ^ levodopa ther- 

apy. These 1&neM \vfere associated w a slight im- 
provement in motor performance after deprenyl treat- 
ment was begun and a slight worsening after it was 
withdrawn. The benefit of deprenyl with respect to 
the primary end point of disability were found in all 
subjects regardless of their baseline characteristics 
and are supported by a slowing of the rate of decline 
of the U PPRS scores 0>^^«X^^feS^°t^l«fi n y I 

who received tocopherol and those who did not. 

Mechanism* of Deprenyl Effect* 

Our data support our previous findings that dep- 
renyl is well tolerated and slows the functional decline 
of otherwise untreated subjects with early Parkinson's 
disease. The pattern of the survival curves comparing 
subjects who received deprenyl with those who did not 
receive it showed initial sharp divergence followed by 
approximately constant separation. Our extended ob- 
servations, which included a two-month period with- 
out treatment, indicate that deprenyl produces a slight 
but sustained improvement in the clinical ratings of 
Parkinson's disease, 

The improvement in the UPDRS scores after the 
initiation of deprenyl and the worsening of the 
UPDRS motor scores during the two months after 
withdrawal (Table 3) suggest that the observed bene- 
fit of deprenyl in delaying disability is partly related to 
a symptomatic amelioration of Parkinson's disease. 
On the other hand, the superior survival with respect 
to the primary end point even among deprcnyl-treated 
subjects who initially had no improvement in total 
UPDRS scores (Fig. 2) and the overall persisting 
i benefit (as compared with base-line status) among 
deprenyl-trcaled subjects who did not reach the end 
point and who did not require deprenyl during the two 
months after withdrawal (Table 2) suggest a protec- 
tive influence. There was no evidence that deprenyl 
had appreciable antidepressant effects during this ex- 
tended period of observation. 

Uncontrolled studies suggest that deprenyl may in- 
crease the life span of patients with advanced Parkin- 
son's disease 18 * 19 and retard the death of nigral neu- 
rons, 20 The design of our clinical trial was based on 
earlier studies indicating that deprenyl did not by it- 
self lead to symptomatic improvement in patients 
with early Parkinsons disease/ 1 ' 22 The small but defi- 
nite ameliorating influence of deprenyl that we oh- 
served on the motor ratings of Parkinson's disease 
hampers a clear-cut detection of potentially protective 
actions of this monoamine oxidase inhibitor. 

Adverse Effects of Treatment 

In keeping with our interim report,* the adverse 
effects of tocopherol and deprenyl were infrequent and 
not serious. The rare occurrence of cardiac arrhyth- 
mias among deprcnyl-treated subjects is unexplained, 




No deprenyl ( •■ ) 201 
No deprenyl ( i ) 192 
Depf6nyl(-) 178 
Deprenyl (+ ) 215 

Figure 2. Kaplan-Meier Estimate of the Cumulative Probability of 
Reaching the End Point, According to Treatment with Deprenyl or 
without Deprenyl and to the Presence (+) or Absence (-) of 

Improvement in the One-Month Total UPDRS Score. 
The period of analysis was the time from base line to the last 
evaluation during treatment. The number of subjects evaluated in 
each group is shown under each time point, Se« the Results 
section for hazard ratios and P values. 

but. this complication may be related to the mono- 
aminergic effects of the parent compound and its 
active metabolites* 3 The infrequent occurrence of dep- 
renyl-relatcd elevations of serum aspartate amino- 
transferase and alanine aminotransferase levels has 
been reported previously 6,23 and seems to reflect clini- 
cally unimportant effects on hepatic or muscle en- 
zymes. Although adverse effects on mental status were 
rare among our otherwise untreated subjects, dep- 
renyl is known to cause untoward mental changes in 
patients with Parkinson's disease who are treated con- 
currently with levodopa or other drugs that enhance 
dopaminergic activity,* 

Therapeutic Recommendations 

In contrast to the findings from an uncontrolled 
pilot study, 34 our larger controlled study does not sup- 
port the use of tocopherol at a dosage of 2000 IU per 
day in patients who have early Parkinson's disease. 
The use of deprenyl in a dose of 10 mg per day as 
monotherapy for early Parkinson's disease delays the 
development of disability requiring levodopa therapy, 
Therefore, deprenyl should be considered among the 
available therapeutic options for the initial treatment 
or early Parkinson's disease. 

Comparison of Present Results wKh Earlier Resutts 

The effects of deprenyl demonstrated by our pres- 
. ent analysis remain strong, but they have been less 
dramatic over the extended period of observation 
than the effects we reported previously, 6 The evidence 
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that dcprenyl ameliorates some of the clinical features 
of Parkinson's disease is clearer in this analysis than in 
our previous report or in smaller controlled Studies 
carried out by other investors. 5 -" Our ability to 
detect small clinical effects is related to the large study 
sample, the extended period of observation, and the 
longer period of withdrawal from experimental treat- 
ments among subjects who had not reached the end 
point of disability. Previous studies have suggested 
that deprcnyl has a protective eflect,* a '>-» but thi» 
assertion has not yet been established. 

Unresolved Imum and Future trwoettgatlOM 

Despite the lack or benefit of tocopherol in this trial, 
studies of other antioxidant agents in Parkinson s dis- 
ease are still warranted. Examination of the cflecu or 
...amphetamine metabolites of deprcnyl"-* and of 
shorter-acting inhibitors of monoamine oxidase type 
B such as laiabcmidV 1 which are not metaboh/ed to 
active compounds, may help clarify the action of dep- 
rcnyl Inhibitors of monoamine oxidase type A, trie 
predominant intraneuronal form of this enzyme, , ■ 
mav also be of interest. The lack of validated biologic 
markers lor the progression of rarkinson s disease 
hampers attempts to define the action of interventions 
in the treatment of this disorder. 

In the present trial, despite the subjective natuie of 
the primary end point and the large number o investi- 
gators, we have consistently found a beneficial effec of 
deorcnyl.* The changes observed in the UPDRS van- 
ablet supported this finding. The lack of conclusive 
evidence of a neuroprotective effect of deprcnyl justi- 
fies further placebo-controlled trials of other promis- 
ing agents in patients with early Parkinson s disease. 
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